Complex fluorescence of the cyan fluorescent protein: comparisons with the H148D variant and consequences for quantitative cell imaging.
We have studied the fluorescence decays of the purified enhanced cyan fluorescent protein (ECFP, with chromophore sequence Thr-Trp-Gly) and of its variant carrying the single H148D mutation characteristic of the brighter form Cerulean. Both proteins exhibit highly complex fluorescence decays showing strong temperature and pH dependences. At neutral pH, the H148D mutation leads (i) to a general increase in all fluorescence lifetimes and (ii) to the disappearance of a subpopulation, estimated to be more than 25% of the total ECFP molecules, characterized by a quenched and red-shifted fluorescence. The fluorescence lifetime distributions of ECFP and its H148D mutant remain otherwise very similar, indicating a high degree of structural and dynamic similarity of the two proteins in their major form. From thermodynamic analysis, we conclude that the multiexponential decay of ECFP cannot be simply ascribed, as is generally admitted, to the slow conformational exchange characterized by NMR and X-ray crystallographic studies [Seifert, M. H., et al. (2002) J. Am. Chem. Soc. 124, 7932-7942; Bae, J. H., et al. (2003) J. Mol. Biol. 328, 1071-1081]. Parallel measurements in living cells show that these fluorescence properties in neutral solution are very similar to those of cytosolic ECFP.